Objective-To compare symptoms and exercise tolerance during dual chamber universal (DDD) and ventricular rate response (VVIR) pacing in elderly (> 75) patients. Design The primary objective of the study was to compare symptoms and exercise tolerance during DDD and VVIR pacing in elderly patients with complete heart block. A secondary objective was to identify possible clinical or echocardiographic predictors of VVIR intolerance.
Borg scores were significantly worse during VVI pacing compared with VVIR or DDD pacing but did not significantly differ between VVIR and DDD modes. Conclusions-In active elderly patients with complete heart block both DDD and WIR pacing are associated with improved exercise performance compared with fixed rate VVI pacing. The convenience and reduced cost of WIR systems, however, may be offset by a higher incidence of the pacemaker syndrome. In elderly patients with complete heart block VVIR pacing results in suboptimal symptomatic benefit and should not be used instead of DDD pacing.
(Br HeartJ_ 1995;74:397-402) Keywords : dual chamber pacing; ventricular rate responsive pacing; complete heart block There is general agreement that dual chamber pacemakers (DDD) should be considered for all patients with advanced atrioventricular block and sinus rhythm.' Compared with single chamber ventricular pacing (VVI), there are established benefits in haemodynamics,23 symptoms, and exercise performance.45 Single chamber rate responsive pacing (VVIR) has also been shown to improve haemodynamics6 and exercise performance78 compared with VVI pacing. It has therefore been suggested that in selected patients VVIR may be an acceptable alternative to DDD pacing.9 VVIR pacemakers are easier to insert than dual chamber systems and require less follow up: the rate response settings may need little attention after implantation. 8 In addition, although atrial activity is not sensed, the rate response function ensures that exercise capacity is maintained at a level comparable with DDD pacemakers.9-" Finally, the average price of a VVIR system is considerably less than that of a DDD system. Potential disadvantages of VVIR pacing, however, include loss of atrial synchrony and development of the pacemaker syndrome.
One earlier study reported little subjective difference between DDD The primary objective of the study was to compare symptoms and exercise tolerance during DDD and VVIR pacing in elderly patients with complete heart block. A secondary objective was to identify possible clinical or echocardiographic predictors of VVIR intolerance. At each visit patients underwent three simple exercise tests corresponding to the daily activities of elderly patients. The exercises were supervised by the same investigator for each patient and followed the same order.
(1) Stand ups from a chair. Patients were asked to stand up and sit down from a standard chair as many times as possible for two minutes.
(2) Walking. Patients walked as briskly as possible back and forth along a measured length (approximately 25 m) of corridor, turning around at the end of each length. The total number of lengths walked in six minutes, or the maximum number attained by the patient before asking to stop, was recorded.
(3) Stair climbing. Patients were timed how quickly they could ascend two flights of stairs (26 steps), using a stair rail if necessary.
The heart rate at peak exercise was determined immediately after exercise by an automated heart rate monitor. Patients were asked to grade how difficult they had perceived each mode. In two of these patients the ventricles were paced during exercise in VVIR mode, resulting in the development of the pacemaker syndrome.
One patient developed retrograde conduction during the VVIR study that was associated with significant symptomatic deterioration. Three patients requested early crossover from VVIR pacing owing to intolerable symptoms. Overall, 11 patients preferred DDD mode to the other two modes. One patient each preferred VVI and VVIR mode and seven did not express a preference.
The mean period effect on total symptom and pacemaker syndrome symptom were 1-4 and 1 1 respectively (P > 0 05). There was no significant treatment and period interaction. The effects of pacing order-that is, DDD followed by VVIR or vice versa-on symptom scores, exercise performance, and Borg scores are shown in table 2. Symptomatically, patients tolerated VVIR pacing better if they had not been previously exposed to DDD pacing. Exercise tolerance and Borg scores, however, were not influenced by the order of pacing.
SYMPTOMS
Mean total symptom scores during VVI, VVIR, and DDD pacing were 5 9 (11), 6-1 (1-0), and 3-5 (0 9) respectively (P < 001). The corresponding pacemaker syndrome symptom scores were 4-8 (07), 5-2 (0-8), and 2-9 (O 8) (P < 0 05). The scores for individual patients are shown in figure 1. Both scores were significantly reduced during DDD mode compared with VVI and VVIR modes (P < 0 05). Symptom scores during VVI and VVIR modes were not significantly different. When the four patients with anterograde atrioventricular conduction were excluded the total symptom scores were 6 8 (1 3), 6 3 (1 1) and 3-9 (1.0) for VVI, VVIR, and DDD modes respectively (P < 0-01). The corresponding pacemaker syndrome symptom scores were 5.4 (0o8), 5.4 (09), and 3'3 (0'9) (P < 0 05).
EXERCISE PERFORMANCE AND PERCEIVED EXERCISE DIFFICULTY
For each test, exercise performance was better in the rate-response modes (DDD and VVIR) than with VVI pacing. In contrast to symptom scores, exercise performance during DDD and VVIR modes was similar. Maximum heart rates after each exercise were similar in the two rate-response modes. These results are detailed in tables 3 and 4. Echocardiographic data were availa patients. Mean (SE) left ventricula and diastolic dimensions were 34-9 and 54-2 (1 2) mm respectively. T ejection fraction was 61-8% (2 50A was a significant correlation betwee ejection fraction (DDD mode) and 0-38, P < 0-01) and pacemaker syn = 029, P < 0 05) scores during bas pacing (fig 2) . However, the associ not strong enough to allow accurat tion of VVI intolerance or prefereni left atrial size was 38 (1 1) mm (ran mm). There was no correlation bet atrial size and any symptom score tive.
Discussion
In our elderly population both total maker syndrome symptom scores we cantly lower during DDD mode ( with VVI and VVIR modes. There w ference in symptom scores between VVIR pacing modes. In terms of exe formance and the perceived level o (Borg score), however, we observed i difference between the two rate modes. Both rate-response modes (I VVIR) were significantly better thar VVI pacing. Ejection fraction (%) (6)).10 In this study there was 'he mean substantial variation in the individual 4). There responses to VVIR pacing; five (36%) patients 1n resting reported severe symptoms and requested early total (r2 = crossover while a further six (43%) reported nptom (r2 no difference between the two pacing leline VVI modes.'0 In contrast, we found that most of ation was our patients (80%) reported deterioration in te predic-symptoms during VVIR compared with DDD ,ce. Mean pacing. One of the patients who reported ige 32-49 improved symptoms during VVIR pacing had tween left significant obstructive airways disease and was or deriva-aware of an uncomfortable resting tachycardia (sinus rate 100 beats/minute) when atrial tracking (DDD mode). His symptomatic tachycardia, presumably related to his regular bronchodilator treatment, was abolished durand pace-ing VVIR pacing. re signifi-
The subjective response to VVIR pacing compared was highly dependent on whether there had ras no dif-been previous exposure to dual chamber pac-VVI and ing. For example, in the 11 patients who had rcise per-been randomly allocated DDD mode then if exercise VVIR mode we observed substantial symptono overall matic deterioration when these patients were -response re-exposed to single chamber pacing (VVIR).
DDD and Seven of the 11 patients who preferred DDD a baseline mode came from this group, along with two of the three patients who requested early crossover from VVIR mode. In contrast, nine patients initially exposed to WIR pacing reported symptomatic improvement compared with baseline VVI. In active elderly patients with complete heart block both DDD and VVIR pacing are associated with improved exercise performance compared with fixed rate VVI pacing. Although VVIR pacing may be adequate in some patients, the convenience and reduced cost of these systems may be offset by the high incidence of the pacemaker syndrome. On the basis of these observations we conclude that VVIR pacing in elderly subjects with complete heart block results in suboptimal symptomatic benefit and should not be used instead of DDD pacing.
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